We evaluated the effects of dietary fiber extracted from brown rice on the quality of reduced-fat emulsion sausage. Reduced-fat emulsion sausage was supplemented with brown rice fiber at levels of 0, 1, 2, 3, and 6%. Adding different levels of brown rice fiber affected the proximate composition of the reduced-fat emulsion sausages (p<0.05), except for protein content. Adding different levels of brown rice fiber influenced the physicochemical properties of the reduced-fat emulsion sausages. The cooking yield, emulsion stability, textural properties, and viscosity of the reduced-fat emulsion sausages containing brown rice fiber improved with increases in added brown rice fiber (p<0.05). The reduced-fat emulsion sausages containing 1-3% brown rice fiber generated sensory evaluation scores similar to those of the high-fat sausage control. These results indicate that reduced-fat emulsion sausages with 1-3% added brown rice fiber had the most acceptable sensory properties and highest quality characteristics compared to the others.
Introduction
Emulsion sausage is one of the most popular traditional meat products in the world, and traditional emulsion sausage contains up to 30% fat (Choi et al., 2010a) . Fat plays major roles in meat emulsion sausage processing by stabilizing the meat emulsion, reducing cooking loss, and improving water holding capacity and binding properties (Choi et al., 2009) . In particular, fat provides flavor, juiciness, and a desirable mouth feel (Choi et al., 2010b) . However, high fat intake is related to obesity, hypertension, cardiovascular disease, and coronary heart disease, because of the high amounts of saturated fatty acids and cholesterol (Jiménez-Colmenero, 1996) . Many studies have shown that high animal fat intake is correlated with an independent risk for high blood pressure and this is the main reason for reducing the animal fat content in meat products (Choi et al., 2007 (Choi et al., , 2009 . As a result, the popularity of emulsion sausage with high levels of animal fat has decreased. Furthermore, consumers who value their health have been demanding reduced-fat and healthier meat products (Chin et al., 2008; Choi et al., 2008) . The increasing demand for reduced-fat diets has led the meat product industry to develop or modify traditional food products to contain less animal fat (Choi et al., 2009) .
Reduced-fat meat products and replacing animal fat with non-meat ingredients such as dietary fiber, isolated soy protein, carrageenan, and konjac flour should result in healthier products (Cofrades et al., 2000; Fernández-Ginés et al., 2004; Hughes et al., 1997; 1998) . According to Mansour and Khalil (1997) , wheat is an excellent replacement for fat in meat products as compared to regular meat products. Adding wheat fiber reduces cholesterol content by 4-65% and caloric value by 13-42%. Dietary fiber plays a major role in the human diet, not only for its nutritional properties but also for its functional and technological properties (Choi et al., 2009; 2010b; 2011) . Dietary fiber can be added to emulsion meat products to reduce cooking loss due to its water and fat binding properties and to enhance texture (Cofrades et al., 2000) . Many researchers have evaluated various natu- The objective of this study was to evaluate replacing animal fat with water and brown rice fiber by studying proximate composition, pH, color, cooking yield, emulsion stability, textural profile, viscosity, and sensory characteristics of reduced-fat emulsion sausage.
Materials and Methods
Preparation of dietary fiber from brown rice Brown rice fiber was prepared from rice bran using the method of Park et al. (2009) . Fresh rice bran containing 12-16% moisture was obtained from a polishing plant in China. The rice bran was pelletized into a 2-10 mm size using a pellet-forming machine. The rice bran pellets were dried until the moisture content was <10%. Hexane (2-5 fold by weight) was added and circulative lipidextraction was conducted until the residual oil content in the rice bran was 3%. De-fatted rice bran was obtained by removing the residual hexane at a temperature <60 o C. To the de-fatted rice bran, 8-40 fold of water by weight was added, and the mixture was stirred with shaking for 30-60 min to uniformly disperse the particles in the mixture. Subsequently, 3 N NaOH was slowly added to the mixture at 20-30 o C to adjust the pH to 8-10, and protein was extracted for 30-60 min. The resulting protein solution was centrifuged at more than 5,000 g and ambient temperature. The precipitate was dried, crushed, sieved, roasted, cooled, pulverized, and sieved to prepare the brown rice fiber. The roasting and pulverization processes were performed to increase the microbiological safety and sensory preference during the food application.
Preparation of reduced-fat emulsion sausage Fresh pork (M. biceps femoris, M. semitendinosus, M. semimembranosus, moisture, 71.97%; fat, 4.96%; protein, 15.82%) and pork back fat (moisture, 12.61%; fat, 85.64%) were purchased from a local processor at 48 h postmortem. All subcutaneous and intramuscular fat and visible connective tissue were removed from the fresh ham muscle. Lean material and pork back fat were ground through an 8-mm plate. The ground tissues were vacuum packaged (FJ-500XL, Fujee Tech, Korea) and stored at 0 o C until required for product manufacture. Suitable amounts of muscle and fat were tempered at 4 o C for 24 h prior to meat batter preparation. Six different emulsion sausages were produced (Table 1 ). The first emulsion sausage was the control prepared with 30% pork back fat. The other five emulsion sausages were prepared with reduced-fat and added brown rice fiber. Each batch of samples consisted of five emulsion sausages differing in composition with respect to the brown rice fiber level added (0, 1, 2, 3, and 6%). Pork meat was homogenized and emulsified for 1 min in a silent cutter Hermann Scharfen GmbH & Co, Postfach, Germany) . Nitrite pickled salt (1.5%), 0.3% sodium tripolyphosphate, 0.02% ascorbic acid, 0.06% mono-sodium L-glutamate, and 0.6% bratwurst spice were added to the meat, which had been previously dissolved in water and chilled (2 o C) and Control, high-fat emulsion sausage without brown rice fiber; T1, reduced-fat emulsion sausage without brown rice fiber; T2, reducedfat emulsion sausage with 1% brown rice fiber; T3, reduced-fat emulsion sausage with 2% brown rice fiber; T4, reduced-fat emulsion sausage with 3% brown rice fiber; T5, reduced-fat emulsion sausage with 6% brown rice fiber
